Abstract
Introduction
Weight and height are two anthropometric measurements commonly used in research and clinical practice. In developed countries, the frequent utilization of self-reported weight and height in epidemiological studies has been observed in administered questionnaires 1 , self-administered questionnaires 2 , and telephone interviews 3, 4 .
Self-reported measurements have been used, especially because they favor resource saving and simplify field work. However, the accuracy of selfreported weight and height has been questioned, particularly in clinical practice 5, 6 .
One of the main advantages of telephone monitoring is its low cost (five to six times cheaper than the cost of home interviews). Moreover, it may be implemented in locations where the human and material resources needed to conduct home probability surveys are unlikely to be found 7 .
Many authors have observed self-reported weight underestimation and self-reported height overestimation 3, 4, 6, 8, 9, 10, 11, 12, 13 . Self-reported weight underestimation is more prevalent among women, whereas self-reported height overestimation is more prevalent among men 8, 14 . In general, men overestimate their height, whereas women underestimate it 4, 11, 12, 13, 15 . A greater proportion of older men tend to overestimate their height in comparison with younger ones 11, 12, 15 . Overweight individuals tend to underesti-Cad. Saúde Pública, Rio de Janeiro, 26(1):110-122, jan, 2010 mate their weight, while underweight ones tend to overestimate it 5, 6, 12, 13, 14, 15, 16, 17, 18 .
A national literature survey of the last 20 years revealed only five studies assessing self-reported weight and height accuracy in the Brazilian adult population 14, 18, 19, 20, 21 . These studies suggested high validity, especially among subpopulations with high levels of education and access to health services. No studies on the validity and reliability of self-reported weight and height obtained by telephone interviews were found in the national literature.
This study aimed to analyze the validity and reliability of self-reported weight and height through telephone interviews, develop regression models that are suitable for predicting actual weight and height values, and examine the performance of the predictive models developed.
Methods
This study was part of the PLATINO project, a multicenter study with a representative sample that includes individuals aged 40 years or older, living in São Paulo's metropolitan area, Brazil. The sampling procedures adopted by the PLATINO project are described by Menezes et al. 22 . Data collection occurred between January and May of 2000, and it involved the following three phases: (a) home visits to identify the sample and deliver an official letter explaining the purposes of the study; (b) telephone interviews conducted by the author of this study and a technical assistant qualified to obtain self-reported weight and height; (c) home visits on the arranged date to obtain weight and height measurements, and gather other data used in the PLATINO study. This study of validity was possible due to the introduction of the telephone interview between the first home visit and the taking of measurements (anthropometric and spirometric), conducted by the PLATINO project on the second home visit. Participants were not informed, whether on the first visit or during telephone contacts, that they would be weighed and their height measured at the moment of the home interview. Weight was measured in kilograms and the height in centimeters in answer to the questions "How much do you weigh?" and "What is your height without shoes?", respectively. The anthropometric measurements were taken by interviewers previously qualified by the PLATINO project and collected in duplicate for each individual, and the average value was used. Individuals were examined while wearing light clothes and no shoes. Weight was measured by means of a Tanita (USA) electronic scale with a 200g precision, and height was measured by means of a SECA (Germany) portable stadiometer with a 0.1cm precision. The time interval between the physical examination and the telephone interview was one week and never longer than 15 days.
72.6% of the original sample of 1,000 individuals was interviewed and examined. The following individuals were excluded from the study: 40 people who were not aware of their weight and/ or height; 26 people who refused to provide these measurements; 67 people who did not have a telephone or whose informed numbers were either out of service or wrong; 22 people who could not be contacted after 15 telephone calls; and, finally, 93 people whose control files were not faxed by PLATINO. Moreover, 26 individuals who had their weight and height taken prior to the self-reported measurements were also excluded, due to the possibility of self-reported information being influenced by the values that have just been measured. Thus, the final sample resulted from measured anthropometric information obtained by the PLATINO project combined with the self-reported anthropometric information obtained by telephone interviews (n = 726).
Independent variables included self-reported weight and height; measured weight and height; self-reported and measured body mass index -BMI (calculated according to self-reported and measured anthropometric measurements); age (continuous variable in years); sex; ethnic group (dichotomized: white and non-white); level of education (labeled in four strata: 0-4 years, 5-8 years, 9-11 years, and 12 years or more). Dependent variables included anthropometric measurements.
Ethical considerations
As this study involved telephone interviews, informed consent was replaced by verbal consent, obtained when interviewees were contacted by telephone. On these occasions, the interviewees were informed of the research procedure and of the possibility of giving up the study at any time during the interview itself. They were informed that there was no risk or extra harm on their health involved and were assured that all information provided would be treated in complete confidence. The research project was approved by the Ethics Committee at the Public Health University of São Paulo. In spite of the PLATINO project, ethical approval was obtained from the ethical committees of each participating institution.
Statistical analysis
Due to the fact that self-reported weight and height validity and reliability may differ between men and women, separate analyses were performed for both sexes. Differences were calculated by subtracting the measured values from weight, height and BMI self-reported values. As a result, negative differences represented an underestimation of the actual value and positive differences represented an overestimation. The paired t test was employed to identify statistically significant differences between measured and self-reported values.
To verify if differences between self-reported and measured weights, heights and BMI varied according to age group, level of education, ethnic group, and weight, height and BMI quartiles, ANOVA was used.
To identify errors and systematic patterns of differentiation between self-reported and measured values, the methodology proposed by Bland & Altman was used 23 . The concordance correlation coefficient (CCC), proposed by Lin 24 , and the intraclass correlation coefficient (ICC) were used to obtain a summary measure of agreement between two sources of information found in the same individual. The CCC assesses the agreement between two measurements (obtained from the same sample) by measuring the line of equality variation (45º) of the origin (agreement line). The Pearson coefficient was used to assess the linear association between self-reported and measured values. Several studies have used this coefficient to assess agreement between self-reported and measured measurements. However, this procedure can lead to errors 23 . This coefficient was used only for the purposes of comparison of data of this study with other published ones.
Obesity prevalence's obtained from self-reported and measured values (McNemar test) were compared to verify the impact of self-reported measurement errors on the magnitude of obesity. The validity of self-reported values was analyzed through the calculation of sensitivity and specificity of the nutritional status classification, based on self-reported weight and height values. Sensitivity and specificity of obesity, based on self-reported BMI, were calculated, using measured BMI as a comparison standard.
Linear regression analyses were performed to generate equations that could predict actual weight and height from self-reported values. The outcome variables were measured weight and height, and the explanatory variables were self-reported weight and height, sex, age, level of education and ethnic group. In addition, residue analysis was conducted to verify model assumptions, multicollinearity analyses among independent variables and tests that included interaction terms. Graphic techniques were used in the residue analyses to detect aberrant and/or influential observations (observations that may influence model parameter estimates) and also homocedasticity assumption (constant error variance). Assumption of normal distribution of variables included in the model was verified using normal probability graphs and histograms. Observations considered discrepant (three standard deviations above or below the mean) were excluded for the purpose of obtaining better estimate adjustment. Explanatory variables whose regression coefficients (β) were not statistically significant (p > 0.05) after adjustment for other characteristics were excluded from the model.
To verify the usefulness of equations that can predict actual weight and height, these equations were applied to a population which is different from the one where models came from (Estudo Pró-Saúde). Finally, as the last step of this study, equations that could predict actual weight and height values from self-reported values were generated, using half of the sample originated from the PLATINO project exclusively. These equations were applied to the remaining half of the sample, aiming to verify their usefulness in a comparable population.
Results

General characteristics
Mean age (±SD) was 54.6 years (±10.4) for men and 53.2 years (±11.4) for women; while mean level of education was 6.4 years (±5.26) and 5.92 years (±4.56) for men and women, respectively.
Variance analysis showed that, on average, self-reported weight was around 500g above measured weight among men, and around 500g below among women. Age and level of education (both p < 0.05) seem to have influenced the differences between self-reported and measured weights among women exclusively, where it could be observed that the tendency to underestimate the actual weight decreases with age and increases with the level of education. In both sexes, the tendency to underestimate actual weight increases with measured weight and BMI, and the magnitude and error are substantially greater among those with BMI ≥ 30kg/m 2 ( Table 1) . Ethnic group seems not have influenced the differences between self-reported and measured anthropometric measurements.
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Self-reported weight versus measured weight
The tendency to overestimate weight among men (higher concentration of points above the central horizontal line), as well as the tendency to underestimate weight among women (higher concentration of points below the central horizontal line) are initially confirmed (Figure 1 ). In the case of men, the overestimation of the weight occurs above all until 80kg, while the underestimation of the weight among women seems to occur independently of weight.
Differences of up to 2kg in relation to self-reported weight were observed in 52.3% of men and 71.8% of women, thus showing that, on average, women report on their weight more accurately than do men (data not shown).
There was a strong correlation and agreement between self-reported and measured weights among men (r = 0.94; CCC = 0.94; ICC = 0.89), and women (r = 0.96; CCC = 0.95; ICC = 0.92).
For both sexes, self-reported weight was the strongest predictor of weight discrepancy. Among men, the discrepancy between self-reported and measured weights was significant and positively related to measured weight and level of education, whereas among women, it was significant and positively related to measured weight and negatively related to age.
The equations to predict actual weight by means of self-reported weight among individuals aged 40 years or older were the following:
Men: measured weight (in kg) = -3.34 + 1.031 (self-reported weight, in kg) + 0.112 (level of education, in years) and R 2 = 0.91; Women: measured weight = 5.28 + 0.982 (selfreported weight, in kg) -0.067 (age, in years) and R 2 = 0.93.
Self-reported height versus measured height
Self-reported height was overestimated in both sexes, especially among women. Only age and measured height (both p < 0.05) influenced the differences between self-reported and measured heights significantly. The tendency to overestimate the actual height increased with age and decreased with the increase in height (ANOVA) ( Table 1 ). Figure 2 shows that height was systematically overestimated in both sexes (higher concentration of points above the horizontal line). On average, self-reported height was around 2cm above the measured height among men, and 4cm above among women. Discrepancies were greater among women, and, in both sexes, the tendency to overestimate height did not seem to be influenced by the average between self-reported and measured heights.
Height was overestimated to some degree (more than 1.5cm) by 53.9% of men and 66.9% of women, thus indicating that, on average, men report their height more accurately than women do. In addition, the magnitude of error was greater among older people.
ICC values were much lower than those observed for weight (0.68 for men and 0.61 for women), and they tended to increase with the level of education, especially among women. CCC values tended to increase with the level of education and decrease with age, especially among women.
In the linear regression analysis, the goodness-of-fit assessed by R 2 was not as good as in the models for weight (p < 0.001). In these models, statistically significant variables were selfreported height, age and level of education, for both sexes.
The equations to predict actual height by means of self-reported height in individuals aged 40 years or older were the following: 
Self-reported BMI versus measured BMI
The combined effect of weight underestimation and height overestimation in the BMI composition led to its own underestimation, as well as the prevalence of obesity. Self-reported BMI was lower than that measured in both sexes, totaling -0.40kg/m 2 and -1.5kg/m 2 , among men and women, respectively (Table 1) .
Differences between the BMI calculated from self-reported values and that from measured values seem to have been influenced by weight and measured BMI exclusively (both p < 0.001). The magnitude of error was greater among women, and, in both sexes, it was greater among individuals with BMI ≥ 30kg/m 2 (ANOVA) ( Table 1 ).
In the graphs proposed by Bland & Altman 23 (Figure 3) , a tendency to underestimate BMI (higher concentration of points below the central horizontal line) can be seen for both sexes. In the case of men, there is a tendency to underestimate self-reported BMI above 25kg/m 2 . In the case of women, there is a similar pattern of underestimation of BMI, independently of the average among the values self-reported and measured; even women with relatively low values of BMI tend to underestimate it. This tendency increases as the BMI increases.
The Pearson coefficient was high (r = 0.90 among women and r = 0.87 among men) and tended to increase at higher education levels. ICC values were higher than 0.74 and tended to increase with the level of education among women. The concordance correlation coefficient was high (CCC = 0.86 among men and CCC = 0.87 among women). In the case of men, there is a tendency to "flat slope syndrome", i.e., overestimation of the actual BMI among those with lower BMI and underestimation among those with higher one. Among the women with measured BMI higher than 20kg/m 2 there was a clear under estimative of the BMI, however among those with the BMI lower than 20kg/m 2 the under estimative of such was more discreet.
Impact on the prevalence of obesity
Prevalence of obesity according to self-reported values ( Table 2 ) was below that obtained by means of measured values. The distribution of nutritional status based on measured values was statistically different from that calculated according to self-reported values (McNemar's testp < 0.001), among both men and women. Specificity (98% and 96%) and sensitivity (78% and 71%) of the diagnosis of obesity, according to selfreported measures, were high among men and women, respectively.
Application of self-reported weight and height correction models to a population which is different from the one from which the models came
Aiming to verify the usefulness of regression models originating from this study (PLATINO project), predict actual weight and height from the measured values, and use predictive values to calculate the prevalence of obesity, equations developed in 1,808 individuals aged 40 years or older and who were participating in another study (Estudo Pró-Saúde) were tested. In both sexes, the prevalence of obesity measured (17.8% among men and 23.2% among women) was statistically different from the prevalence of obesity calculated from self-reported values (16.5% among men and 17.2% among women) and adjusted self-reported values (20.9% among men and 26.2% among women) (McNemar test -p < 0.001). Sensitivity to diagnose obesity increased from 26% to 33% among men, and from 29.2% to 44% among women. Even though sensitivity increased, these values were very low when compared to those found by other studies (71%). Specificity of the diagnosis of obesity remained very high (> 99%) after adjustment.
Application of self-reported weight and height correction models, designed from half of the sample, to the remaining half of this sample
Aiming to verify the usefulness of correction models proposed in populations comparable to the one studied, equations for the correction of self-reported measures, originated from half of the sample, were applied to the remaining half of this sample. Gains in validity, measured by means of the increase in sensitivity to diagnose obesity (from 67.9% to 71.4% among men, and from 67.9% to 83.3% among women) were observed. After adjustment, self-reported weight and height correction equations did not "eliminate" the underestimation of the prevalence of obesity, induced by self-reported values in both sexes. They decreased the magnitude of error in the prevalence of this problem though, thus approximating the self-reported prevalence of obesity (15.9% among men and 35% among women) to its actual prevalence (18.5% among men and 36.8% among women). For both sexes, the prevalence of obesity measured differed statistically (McNemar's test: p = 0.001 for men and p < 0.001 for women) from that obtained through self-reported anthropometric values. However, it did not differ statistically (men: p = 0.533; women: p = 0.092) from that obtained through adjusted self-reported values. Specificity was high (94%) for both sexes and remained almost unchanged after adjustment. 
Discussion
Previously published studies 2, 13, 14 reported that women tend to underestimate weight and men tend to overestimate it. These results were confirmed by this study, which found weight overestimation among men and underestimation among women of about 0.5kg, thus indicating a reasonable degree of accuracy when informing weight, however they differ of those found by Silveira et al. 20 , in Rio Grande do Sul State, Brazil, that observed the overestimation of weight in both sex. Our results were also different from other studies that observed an underestimation of weight in both sexes, two of which were conducted in Rio de Janeiro, Brazil, by Chor et al. 19 and Fonseca et al. 18 and other studies conducted in the United States 3,9,10 and Europe 1,4,11,12 .
According to Schmidt et al. 14 , regardless of the frequency and accuracy of weighing oneself, an erroneous idea of one's body is formed, according to a personally desired body image. Even an individual with accurate knowledge of his/her weight may be led to misreport it to the interviewer due to some personal, psychological need such as the desire to be healthier, or due to cultural factors. This self-reported weight bias, apparently used to follow a culturally ideal standard, is consistent with the existing literature on the theme 5, 8, 16 .
Another source of error when reporting weight may be one's unawareness of one's actual weight or even the differences between drugstore scales and home scales, which have a widespread use.
It could be observed that the differences between self-reported and measured weights were influenced by actual weight and BMI. The tendency to underestimate weight increased among individuals who were overweight or obese, in both sexes, but it decreased with age among women. The results from this study were comparable to those from previous studies 4, 6, 7, 12, 13, 14, 15, 17, 25, 26, 27 .
Among women, level of education was inversely related to accuracy in weight information, a fact consistent with findings from Jalkanen et al. 5 . Other American studies also showed that the higher the level of education, the greater the differences between self-reported and measured weights, among both sexes 8, 9, 16 . One possible explanation for the association between higher level of education and greater selfreported error may be the fact that body image and desired weight are culturally determined. Thus, the higher the socio-economic and cultural levels, the more concerned one is about weight excess.
Multiple regression analysis for men revealed that only level of education seemed to be associated with weight error, which explains 90.8% of the variability of average weight error (p = 0.033) in the final model. Among women, only age was found to have this association, thus explaining 93% of the variability of average weight error (p < 0.001) in the final model. Thus, older women tended to underestimate weight less often, or even overestimate it, possibly indicating that older women suffer less social pressure.
A reasonable degree of accuracy of weight information can be deduced from the proportion of individuals who informed their weight with a maximum difference of 2kg in relation to their actual weight. These findings are in accordance with two studies conducted in Southern Brazil 14, 20 where 61% to 62% of individuals studied reported their weight with less than 2kg of error, respectively. A lower proportion of satisfactory information (52%) was found by an American study that also employed telephone interviews 3 .
The ICC between self-reported and measured weights was also high (0.91), though slightly below the results found by Peixoto et al. 21 , Chor et al. 19 , (0.98) and Fonseca et al. 18 (0.97) in Brazil, and by Bowlin et al. 10 (0.97) in the United States. The CCC between measured and self-reported weights was high, both among women (0.95) and men (0.94), close to that observed in a Brazilian study by Silveira et al. 20 (0.98).
In the case of height, overestimation of reported information was found among both men (about 2cm on average) and women (about 4cm on average). The tendency to overestimate height in both sexes was consistent with findings from other studies conducted in Brazil 18, 19, 20, 21 and in developed countries, where interviews were also performed by telephone 3, 4, 11 or home survey 1, 6, 8, 9, 12, 13, 14, 28 .
The magnitude of error in the overestimation of height was greater among women and this tendency was similar to that observed in other Brazilian studies 18, 20 and studies performed by telephone 4, 11 . A study conducted by Chor et al. 19 in Brazil did not find relevant differences between measured and self-reported heights. These differences were influenced by age and measured height value in both sexes. The tendency to overestimate height was greater among shorter individuals, results that are consistent with those found by studies conducted in Brazil 19, 21 and other studies conducted in developed countries 4, 8, 11, 12, 26 . In both sexes, overestimation increased with age 2, 3, 8, 11, 16, 21 which can be partly explained by the effects of age 6, 16 or by the fact that people do not have their height measured often, even those who receive regular medical care 29 . Moreover, height overestimation among men may be due to their reporting their height as measured at the time of military service.
It could be observed, through the multiple linear regression analysis, that the accuracy of self-reported height was negatively influenced by age, and positively influenced by level of education, in both sexes. Stewart 28 also found minor differences between self-reported and measured heights in individuals with higher levels of education among both women and men. Moreover, Rowland 15 found that age was the main predictor of discrepancy between self-reported and measured heights.
On average, the population in this study reported their height less satisfactorily than did the population in Pelotas (Rio Grande do Sul State). In the study by Silveira et al. 20 , 43% of men and 27% of women reported their height with a difference of up to 1cm in relation to the measured height, whereas, in this study, only 21.8% of men and 19.7% of women reported their height within this range.
The ICC between self-reported and measured heights was reasonable (0.74) in both sexes. Results from this study were lower than those found by Peixoto et al. 21 (0.92 among men and 0.83 among women) and Fonseca et al. 18 (0.94) in Brazil, and by Bowlin et al. 10 (0.98) in the United States. This difference may be explained by the education observed in the population of these two studies.
The CCC between self-reported and measured weights was reasonable among men (0.75) and low among women (0.60), values that were below those found by Silveira et al. 20 , 0.93 and 0.71 among men and women, respectively. Sensitivity in the diagnosis of obesity (74.5%) was similar to that found by other studies, one of which was performed in Brazil by Fonseca et al. 18 (74%) and others in the United States by Nieto-García et al. 9 (74%) and Bowlin et al. 10 (74%), whose interview was also conducted by telephone. The results from this study were higher than those found by Alvarez-Torices et al. 30 in Spain (55% for women and 61% for men), Boström & Diderichsen 11 in Sweden (55-61%) and Stewart et al. 31 in New Zealand (63%). Specificity to diagnose obesity was 97%, a value similar to that found by Fonseca et al. 18 (98%) and Schmidt et al. 14 (99%) in Brazil, and also by other studies performed in developed countries (99%) 3, 9 . Maybe part of the differences relating to the quality of the weight and height information among this population and the population of other countries may be explained by the differences in age and education.
In this study, the combined effect of the numerator's underestimation with the denominator's overestimation in the BMI composition led to BMI distribution distortions, effects that were comparable to those found by other studies 1, 3, 6, 9, 11, 14, 30, 31 and in the prevalence of obesity 2, 3, 30 .
The application of predictive equations in a population that is different from the one which originated the models revealed that these equations were of limited use, once they caused the prevalence of obesity to be slightly closer to the actual prevalence, and the sensitivity to be a little increased. However, the application of correction factors (derived from half of the sample) to the remaining half was useful to make the selfreported prevalence of obesity be closer to the actual prevalence, as well as to improve sensitivity in the diagnosis of obesity. Rowland 15 examined the performance of regression models and found that sensitivity to diagnose obesity and overweight increased after adjustment, however by no more than ten percentage points. According the author, this error to classify the BMI after adjustment can not reflect the reliability.
The degree of obesity was one of the key factors for the differences between measured and self-reported weights, in both sexes. In addition, they were influenced by the level of education among men, and age among women. Age and level of education were found to be associated with error when reporting height, in both sexes.
All self-reported information about weight and BMI (calculated from self-reported values), obtained by means of telephone interviews, showed good agreement and validity when compared to their respective measured values (CCC = 0.95 for weight and CCC = 0.87 for BMI). However, self-reported height was found to be less reliable (CCC = 0.75 among men and CCC = 0.60 among women) when compared to the measured height. There was a high level of agreement between self-reported and measured BMI (CCC = 0.87 and ICC = 0.81). BMI validity, calculated from self-reported values and assessed by means of high sensitivity (71%) and specificity (96%) of the diagnosis of obesity, revealed that the telephone interview is a viable tool to diagnose the prevalence of obesity in this population. For practical and economic reasons, self-reports of height and weight can be used in epidemiologic surveys when objective measurements can not be obtained. However, due to systematic bias found, researchers should be aware of the need to correct this bias.
Finally, results from this study suggest caution when using self-reported height and weight data, as these may lead to underestimation in the prevalence of obesity and weight excess, and also to a decrease in sensitivity to diagnose such problems in the population. In addition, they may lead to false conclusions about the magnitude of health problems and biases in associations between diseases.
In analyses where anthropometric factors are primary variables of interest, the study of performance of self-reported measurements and the testing of calibration equations in a subsample of the population to be analyzed are recommended so as to improve the accuracy of BMI estimates. 
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